ABSTRACT Background: Proper caloric intake goals in critically ill surgical patients are unclear. It is possible that overnutrition can lead to hyperglycemia and an increased risk of infection. Objective: This study was conducted to determine whether surgical infection outcomes in the intensive care unit (ICU) could be improved with the use of hypocaloric nutritional support. Design: Eighty-three critically ill patients were randomly allocated to receive either the standard calculated daily caloric requirement of 25-30 kcal $ kg -1 $ d -1 (eucaloric) or 50% of that value (hypocaloric) via enteral tube feeds or parenteral nutrition, with an equal protein allocation in each group (1.5 g $ kg -1 $ d -1 ). Results: There were 82 infections in the hypocaloric group and 66 in the eucaloric group, with no significant difference in the mean (6SE) number of infections per patient (2.0 6 0.6 and 1.6 6 0.2, respectively; P = 0.50), percentage of patients acquiring infection [70.7% (29 of 41) and 76.2% (32 of 42), respectively; P = 0.57], mean ICU length of stay (16.7 6 2.7 and 13.5 6 1.1 d, respectively; P = 0.28), mean hospital length of stay (35.2 6 4.9 and 31.0 6 2.5 d, respectively; P = 0.45), mean 0600 glucose concentration (132 6 2.9 and 135 6 3.1 mg/dL, respectively; P = 0.63), or number of mortalities [3 (7.3%) and 4 (9.5%), respectively; P = 0.72]. Further analyses revealed no differences when analyzed by sex, admission diagnosis, site of infection, or causative organism. Conclusions: Among critically ill surgical patients, caloric provision across a wide acceptable range does not appear to be associated with major outcomes, including infectious complications. The optimum target for caloric provision remains elusive.
INTRODUCTION
Appropriate nutrition intake in critically ill surgical patients is a crucial aspect of care. Nutritional support is needed to overcome stress-induced metabolic responses, prevent oxidative cellular injury, and favorably modulate the immune response (1) (2) (3) . Malnutrition is associated with impaired immune function, reduced ventilatory drive, weakened respiratory muscles, prolonged ventilator dependence, and increased infectious complications in critically ill patients (4, 5) . Nutritional support is believed to improve wound healing and gastrointestinal structure and function, as well as reduce catabolism, complication rates, and length of stay (1) .
Despite its attributes, nutritional support does have adverse effects, suggesting a delicate balance between overfeeding and underfeeding. Feeding intolerance is a less frequent occurrence when patients receive trophic enteral feedings (6) . However, when goal enteral feeding is attempted and leads to high gastric residual volumes, patients are at an increased risk of hospitalacquired pneumonia, longer intensive care unit (ICU) stays, and increased ICU mortality (7) . When enteral nutrition is not possible, patients may receive supplemental parenteral nutrition, although the appropriate timing of initiation and its role continue to be debated (8) (9) (10) . Parenteral nutrition is known to be associated with increased infections, gut mucosal atrophy, hyperglycemia, and overall increased mortality in critically ill patients (9, 11) .
Current guidelines detail the optimal delivery of nutritional support and recommend providing 25-30 kcal $ kg -1 $ d -1 with 1.2-2 g protein $ kg -1 $ d -1 . Yet, no published data have validated these standard daily caloric intake targets (2, 12, 13) . Although there is general consensus that excessive hypocaloric (#25% recommended daily caloric intake) or hypercaloric ($125%) feeding should be avoided, controversy still exists over what feeding targets should be (14) . Particularly in patients with a high severity of illness, attempting to provide full nutritional support may correlate with adverse outcomes (15, 16) . New evidence suggests that outcomes may be improved in patients who are "underfed." Nevertheless, to our knowledge, no study has yet randomly allocated critically ill patients to eucaloric or hypocaloric feeds, for the length of their ICU admission.
This report describes a single-institution randomized controlled trial testing the hypothesis that hypocaloric nutritional support leads to better glycemic control, a decreased rate of infection, shorter ICU and hospital stays, and decreased mortality compared with eucaloric nutritional support in critically ill patients.
SUBJECTS AND METHODS

Study design
This randomized controlled trial was conducted from 2008 to 2011 (initial recruitment date 1 March 2008) in the surgical ICU at a tertiary care hospital. The Institutional Review Board for Human Subjects Research at the University of Virginia (Protocol 13183) approved the study after ensuring that its design was in accordance with the Declaration of Helsinki and the ethical treatment of human subjects. Each patient or legally authorized representative provided written informed consent before any study procedures. After 50 patients were enrolled, the study was reviewed by the independent data and safety monitoring officer (Timothy L Pruett, University of Minnesota), and approval was granted to continue the study.
Patients
We enrolled adult patients older than 18 y who were admitted to the surgical ICU and were deemed appropriate for nutritional support. Inclusion criteria were age $18 y, projected need for artificial nutrition .48 h, and projected need for intensive care stay .48 h as judged by the attending intensivist. Typical patients admitted to the surgical ICU included operative and nonoperative trauma patients, as well as abdominal, vascular, liver transplant, and orthopedic nontrauma surgical patients. Exclusion criteria included age ,18 y, patients who had an expected death or ICU discharge within 48 h, pregnancy, and patients with a primary burn diagnosis.
Randomization
Patients were randomly allocated 1:1 by using a random number sequence. Investigators were blinded to the preparation of the randomization envelopes, and the randomization assignment was determined by opening sequential opaque security envelopes containing the randomization assignment.
Procedures
Before initiating nutritional support, daily caloric requirements were calculated for each patient by using actual body weight, unless the patient's weight was greater than 130% of ideal body weight, in which case an adjusted body weight was used. For the purpose of this study, the eucaloric goal was 100% of the calculated daily caloric requirement (25) (26) (27) (28) (29) (30) Enteral nutrition was initiated at 25 mL/h and advanced by 25-mL increments 3 times daily until the desired goal rate was achieved. For patients fed into the stomach, gastric residuals were checked 4 times a day. Prokinetic agents were permitted. Postpyloric rather than gastric feeding tubes were used at the discretion of the attending intensivist. No immune-enhancing enteral formulas were used to limit confounding variables.
In accordance with institutional policy and American Society for Parenteral and Enteral Nutrition standards, patients were considered for parenteral nutrition if they were severely malnourished and could not receive enteral feeding. Otherwise, all other patients were started on enteral feeds. Any patient who demonstrated continued intolerance of enteral feeds after 5-7 d was started on parenteral nutrition. It is not routine at our institution to supplement enteral nutrition with parenteral nutrition to meet caloric goals. Adequacy of nutritional support was determined by measurement of nitrogen balance.
An insulin infusion was initiated for any patient with blood glucose greater than 150 mg/dL and adjusted in accordance to the ICU treatment protocol. For those patients receiving continuous infusion therapy, the number of units of insulin received per day was determined by reviewing nursing records.
Data were abstracted from the electronic medical record. Glucose data were reported as mean overall glucose for the study inclusion dates and mean glucose at 0600, reported as the glucose value nearest 0600 on every day of the study. Infection data were abstracted from a previously described prospectively collected ICU infections database from the general surgery, trauma, and transplantation services. US Centers for Disease Control and Prevention criteria were used to define infections (17, 18) . For example, to diagnose pneumonia, the following were necessary: a properly collected specimen with isolation of a predominant organism, production of purulent sputum, a new or changed infiltrate on chest radiograph, and a quantitative endotracheal suction specimen with $10 4 colony-forming units/mL.
Study endpoints
The primary study endpoint was the development of a hospitalacquired infection. Secondary outcomes included glucose control, as defined by morning glucose values and daily insulin requirements, ICU length of stay, hospital length of stay, and allcause in-hospital mortality.
Statistical analysis
Preliminary data from 309 ICU patients showed a 67% infection rate. Therefore, by using a conservative estimate of at least a 50% infection rate in the control group, we estimated a sample size of 58 patients in each study arm (a total of 116 patients) to detect a 50% reduction in infection rate. Because this is a pilot study, it was not designed or powered to detect a mortality difference.
Differences in demographic characteristics between the hypocaloric and eucaloric groups were compared by using a Student's t test and Wilcoxon rank-sum test for continuous variables, as well as the Wald x 2 test and Fisher exact test for categorical variables. Bivariable logistic regression analysis and the Wald x 2 test were used to estimate the relative odds of hospital-acquired infection and associated 95% CIs for the ORs. Adjusted ORs for the primary outcome were calculated by using multivariate logistic regression to control for risk of refeeding, which showed a statistically significant difference between the 2 groups, and the percentage of goal calories received. Statistical significance was indicated by using an a level of 0.05.
Differences in mean values for glucose control variables (mean glucose values and mean insulin requirements), hospital length of stay, and ICU length of stay were assessed by using bivariable linear regression. The difference in the relative odds of in-hospital death between the 2 groups was also assessed by using bivariable logistic regression and the Wald x 2 test. To determine the efficacy of treatment randomization, we compared several treatment characteristics. Group means were compared by using a Wilcoxon rank-sum test. Subgroup analysis of the primary and secondary outcomes was completed comparing the trauma with the nontrauma population and men with women. All calculations were performed with SAS 9.3 (SAS Institute Inc).
RESULTS
Of 2892 admissions to the surgical/trauma ICU between March 2008 and November 2011, a total of 83 patients were enrolled and randomized, 41 to hypocaloric and 42 to eucaloric feeding. As shown in Figure 1 , details of the randomization of patients, as well as the reasons for exclusion and reasons for study end, are presented. Analysis for all patients was completed on an intention-to-treat basis. Because of slow enrollment, this study was closed before the full planned enrollment of 116 patients. There were no statistically significant differences between the 2 groups in terms of Acute Physiology and Chronic Health Evaluation II score, age, sex, height, weight, admission diagnosis (trauma compared with nontrauma), or the number of comorbidities ( Table 1) . The percentage of patients at risk for refeeding syndrome was higher in the eucaloric group, and thus we controlled for refeeding risk when describing our primary outcome.
The treatment characteristics of patients in both arms of the study are summarized in Table 2 . There was a statistically significant difference in the mean (6SE) amount of nutritional support provided to each group, 12.3 6 0.7 compared with 17.1
, P = 0.0002. The mean protein received daily by each group was not significantly different (1.1 g/kg for each group). There were no statistically significant differences identified between the 2 groups when analyzed for percentage of days of key ICU treatment interventions that may influence nutrition such as renal replacement therapy, mechanical ventilation, insulin infusion, or total parenteral nutrition.
As shown in Table 3 , details of the primary infectious outcomes between both groups are presented. There were 82 infections in the hypocaloric group and 66 in the eucaloric group, with no statistically significant difference in the mean number of infections per patient (2.0 6 0.6 and 1.6 6 0.2, respectively; P = 0.50) or the percentage of patients acquiring infection [70.7% (29 of 41) and 76.2% (32 of 42); P = 0.57; adjusted OR: 0.82 (95% CI: 0.28, 2.39)]. There were also no statistically significant differences between the hypocaloric and eucaloric groups in the percentage distributions of infection types or types of causative organism.
Results of secondary outcomes are summarized in Table 4 . No statistically significant differences occurred between groups in mean ICU length of stay (16.7 6 2.7 and 13.5 6 1.1 d, respectively; P = 0.28), mean hospital length of stay (35.2 6 4.9) and 31.0 6 2.5 d, respectively; P = 0.45), or inpatient mortality [7.3% (3 of 41) and 9.5% (4 of 42), respectively; P = 0.72]. Glucose values and insulin usage were not different between groups. Further subgroup analyses revealed no differences when analyzed by sex (men compared with women) and trauma compared with nontrauma (data not shown).
When patients who developed an infection were compared with patients who did not develop an infection, there was no statistically significant difference between the mean percentage of goal kilocalories received (P = 0.21; 79% goal kcal for any infection; 70% goal kcal for no infection). Again comparing patients who did and did not develop an infection, there was no statistically significant difference between the percentage of days with primary parenteral nutrition (P = 0.12; 25% compared with 13%, respectively) or the percentage of days receiving enteral nutrition (P = 0.99; 67% compared with 67%, respectively). In univariate analysis, patients who received less than 80% of their goal kcal were not at increased risk of developing an infection compared with those who received 80% or more of their goal (P = 0.13; OR: 0.47; 95% CI: 0.18, 1.26).
DISCUSSION
Few studies have been conducted to challenge the notion that critically ill patients benefit from receiving the same caloric intake recommended for patients in the acute care setting. Since its publication in 1997, many clinicians have referred to the consensus statement by the American College of Chest Physicians to determine caloric goals for critically ill patients. "Administering 25 total kilocalories per kilogram usual body weight per day appears to be adequate for most patients" (12) . It is unknown from current literature what effect this level of caloric support might have on glucose control and infectious outcomes, particularly during critical illness. To address this issue, we conducted a single-institution pilot study to evaluate the differences in infectious outcomes between critically ill patients randomly allocated to receive either the standard daily recommendation of 25-30 kcal $ kg -1 $ d -1 or 50% of that amount. These results failed to identify any difference in outcomes between critically ill surgical patients enrolled to each group.
Current literature supports the following recommendations for providing nutritional support to critically ill adults: the enteral route is preferred; nutrition should be initiated as soon as possible, ideally within 24-48 h of ICU admission; and postpyloric feeding should be considered (2, 12, 13) . Patients should be in the semirecumbent position, have their tube feeds titrated up to 80% of goal rate within 72 h, and have gastric residuals monitored (19) . Motility agents should be used and enteral nutrition should be continued unless residuals .500 mL are encountered (2, 13) . There is also literature that supports providing increased protein for patients receiving continuous renal replacement therapy or hemodialysis, as well as monitoring and controlling glucose levels closely (2, 20) .
Of those that have addressed the issue of proper dosing of nutritional support in the recent past, results are inconclusive, but a push toward less is more has garnered some recent attention. Arabi et al (21) published their results of a cohort study to determine whether morbidity and mortality are affected by caloric intake and concluded that increased hospital mortality, ICU and hospital lengths of stay, infection rates, and mechanical ventilation duration were associated with near-target caloric intake (.64.6% of goal). These findings are consistent with a study published by Krishnan et al (16) , which found that caloric intake between 33% and 66% of recommended was beneficial to clinical outcomes. Permissive underfeeding is currently recommended for critically ill obese patients and may be associated with lower mortality rates (22) . And although limited to parenteral nutrition alone, a randomized controlled trial published in 2000 by McCowen et al (23) found that hypocaloric parenteral nutrition can help avoid overfeeding, hyperglycemia, and infectious complications. For enteral nutrition, a goal of only 15 kcal $ kg -1 $ d -1 has been described as beneficial in nonobese multiple-trauma patients (24) .
The EDEN Randomized Trial compared initial trophic feeding with full enteral feeding for the first 6 d of nutritional support in patients with acute lung injury. Outcomes of that study showed no differences between groups in terms of ventilator-free days, 60-d mortality, or infectious complications (6) . A previous randomized controlled trial by Rice and colleagues (25) also concluded that no clinical benefit existed from initial trophic feeds other than fewer incidences of gastrointestinal intolerance. A 1-y follow-up study to the EDEN trial analyzing physical and cognitive functioning and quality of life failed to demonstrate any difference between patients who received initial trophic or full enteral feeding (26) . In the Tight Caloric Control Study, when indirect calorimetry was used to calculate energy targets, compared with using the consensus statement from the American College of Chest Physicians, there was a statistically significant increase in total infection rate, length of time on mechanical ventilation, and ICU length of stay (27) .
The results of our study failed to find any significant differences between treatment arms. The optimum target remains undetermined, and future studies are needed to identify outcome differences. Even when the caloric goal is set at 25-30 kcal $ kg -1 $ d -1 , many patients do not actually achieve this amount, especially within the first 7 d of ICU admission. This may be attributable to interruptions in feeding for procedures or to rate titration. In the absence of any complicating factors such as refeeding risk, patients can be started at their target feeding goal rate. This is an option supported by the findings of a study by Desachy et al (28) , which would improve total caloric intake. The fact that 54.8% (25 of 42) of patients in the eucaloric arm were determined to be at risk for refeeding syndrome definitely affected the mean daily caloric intake for that group, causing them to fall short of their goal. Supplementing enteral nutrition with parenteral nutrition sooner than 5-7 d is an option to increase the percentage of goal calories received, although this practice is not supported by outcomes in the Early Parenteral Nutrition to Supplement Insufficient Enteral Nutrition in Intensive Care trial (29) . Results of that study demonstrated that allowing hypocaloric feeding in the ICU during the first 7 d of admission decreased the rate of new infections and increased the likelihood of early alive-discharge. A post hoc analysis of this study again concluded that combining early parenteral nutrition with enteral nutrition to reach caloric intake goals delays recovery (30) . In contrast, however, the findings of a study by Petros et al (31) concluded that hypocaloric feeding was associated with more nosocomial infections in medical ICU patients during the first 7 d. The interpretation of these results in comparison to our study is complicated by the differences in the delivery of nutritional support, such as the addition of parenteral nutrition by day 3 in the Petros et al study, the cohort of patients (surgical/trauma ICU compared with medical ICU), and the overall infection and mortality rates. The outcomes of both studies validate the notion that future studies are needed to determine whether hypocaloric feeding may be appropriate for certain cohorts of critically ill patients.
To focus our analysis on caloric intake, we had protein provision goals the same for both groups. Although our data failed to reveal any statistically significant outcome differences between patients with hypocaloric feeding goals and those with eucaloric feeding goals, it may be that optimizing nutritional support is not so much a factor of caloric intake but of protein provision.
Several limitations should be noted for this study. First, all patient enrollment and data collection occurred in a single surgical ICU. Set up as a pilot study, this allowed for feasibility of enrollment, data gathering, and analysis. Second, the sample size of the study was small. Although we achieved adequate patient randomization, opening the study to multiple institutions could improve enrollment and the generalizability of the findings. Third, the study was closed before the targeted enrollment was completed because of low volume, increasing the possibility that type II error may result from lack of power. A difference in the number of infections may have been seen with full enrollment. Unfortunately, with limited prior research on hypocaloric feeding, there was a misconception held by family members signing consent that patients would be intentionally starved if randomly allocated to the hypocaloric arm. Overcoming this fear was challenging, and consent was often difficult to obtain. Despite these limitations, the results of the study can inform the design of future multicenter studies that would have larger enrollments. Patients and their family members now have data to review showing that hypocaloric feeding is a reasonable alternative to eucaloric feeding and should not imply intentional starvation. Subsequent studies could also allow for diagnosis-specific subgroup analyses and the identification of patients with certain illnesses who might benefit from varying levels of hypocaloric nutritional support.
In conclusion, we performed a randomized controlled trial to evaluate the benefit of hypocaloric nutritional support in the treatment of critically ill surgical patients. Although limited by a small sample size, we failed to show significant differences in outcome between patients with eucaloric or hypocaloric feeding goals in terms of glucose control, infection rates, ICU and hospital lengths of stay, and mortality. Further research is necessary to determine whether specific subsets of critically ill patients might benefit from different levels of caloric provision.
